was heated to 59.4°+ 0.1°C and the pressure was increased to 207 (± 0.5) bar by the addition of more CO2 (a total of -6.6 g of CO2 added). The polymerization was continued at these conditions for 48 hours, during which time the system remained homogeneous and optically clear. At the end of the polymerization, CO2 was vented and the polymer, which is not soluble in CO2 at lower pressures, precipitated. The polymer and any unreacted monomer were quantitatively removed from the reaction vessel by dissolution in 1, 1, . The polymer was precipitated into a large excess of methanol, washed several times with methanol, and dried in vacuo ovemight to give 3.25 g of transparent viscous polymer (yield: 65%). Fourier transform infrared (FTIR) (14) and 'H nuclear magnetic resonance (NMR) (15) spectra showed that the polymer synthesized in CO2 was identical to the polymer made in CFCs. Gel permeation chromatography (GPC) indicated that the polymer made in CO2 had a molar weight of -270,000 g/mol (16) .
Similar results could be obtained for a variety of other highly fluorinated acrylic monomers whose corresponding homopolymers are essentially insoluble in all traditional solvents except CFCs.
Polymer synthesis in supercritical CO2 was also extended to statistical copolymers of fluorinated monomers with conventional hydrocarbon-based monomers such as methyl methacrylate, butyl acrylate, styrene, and ethylene. The corresponding homopolymers of the conventional hydrocarbon monomers are essentially insoluble in CO2 at these conditions (3) . Copolymers of FOA were made under similar conditions as described above. The molar ratios of the monomers in the feed, fi, and the molar ratios incorporated into the copolymer, F,, are given in Table 1 . Homogeneous copolymerizations could be maintained even with very high concentrations of comonomer as shown.
Supercritical CO2 is an excellent alternative to CFCs for conducting homogeneous solution homo-and copolymerization of fluorinated monomers. Under the conditions used here, we found that AIBN decomposes at a rate 2.5 times slower in CO2 than in benzene but with greater efficiency. We have demonstrated that it is possible to synthesize high molar mass homo-and copolymers of fluorinated monomers in a homogeneous fashion in supercritical CO2.
This new process for the synthesis of fluoropolymers and copolymers points to the potential for using supercritical CO2 in other solution polymerizations such as group transfer polymerization, living cationic polymerizations, and perhaps even some anionic polymerizations whose active chain end could be stabilized in CO2. (2) (3) (4) .
The method (Fig. 1) involves the covalent attachment of a neutral aromatic probe molecule to a peptide. In the presence of an electric field (the electric field is the force per unit charge and is proportional to the derivative of the electrostatic potential), the energies of the various electronic states of the probe change (to first order) by an amount -hidE, where E is the electric field at the probe and kLi is the permanent electric dipole moment of the ith electronic state (Fig. 1A ). In the presence of E, the energy difference between two states i and j changes by -AWt-E, where Ap. = ij -pi. If state i is the ground electronic state and state j is an excited electronic state that can be reached by the absorption of light, an electric field at the probe changes the transition energy by -AW E. If Agi is known, the electric field can be determined simply by a measurement of the shift in the corresponding absorption band (Fig. 1B) .
The primary probe molecule used in these experiments is 4-(methylamino)benzoic acid (MABA), which is attached to the amino terminus of the peptides through an amide linkage (Fig. 1C) . The carbonyl of the amide link acts as a helical hydrogenbond acceptor for the backbone amide proton of residue 4. In this arrangement, confirmed by nuclear magnetic resonance (NMR) studies presented below, the position of the probe is well defined except for a ring flip that does not affect the direction of Ap (Fig. 1C) .
Neutral MABA attached to a peptide has an absorption band centered near 295 nm with a maximum extinction coefficient of --19,000 M`1 cm`(5). The electric dipole moment difference, Ap., for this transition is measured with Stark effect (or electromodulation) spectroscopy (6) to be 8 D (7) . We take Apg to be in the direction shown in Fig. 1C , as is found for several para-substituted benzene derivatives (8) .
The peptides used in these experiments are the following (9): where A is Ala, R is Arg, and P is Pro; F and U indicate peptides designed to be folded or unfolded, respectively; the subscripts S and L denote short peptides and SCIENCE * VOL. 257 * 14 AUGUST 1992 their longer versions and R5 denotes the presence of an Arg residue at position 5.
Sixteen residue peptides based on the repeating unit (A-A-A-A-K), where K is Lys, have been found to be monomeric and up to 80% helical in water (10). Longer peptides are used here to increase helical content and stability. We use Arg instead of Lys because it has a slightly greater helical propensity (11). The peptide Fs contains only Ala at positions 1 through 8 in order to minimize the effects of side chain charges on the properties of the amino-terminal probes. We do not include Tyr and Trp because absorption bands near 280 nm overlap with those of the probes and would interfere with the band-shift measurements.
The Us and UL peptides serve as unfolded controls. These peptides have Ala at positions 1 and 2 near the probe, but contain several prolines to disrupt structure. The unfolded control molecules allow Wavelength (nm) Fig. 2 . In the presence of helical structure, the probe absorption band shifts by -5 .. the properties of the attached probes to be measured in the absence of helical structure but otherwise identical conditions. Circular dichroism (CD) experiments show that the peptides designed to be structured are highly helical (.90% at 0C) and that the control peptides are unstructured (12). Two-dimensional (2D) NMR experiments indicate that the helix extends to the amino terminus in peptide Fs (see below).
The helical peptides are monomeric (13), water soluble (>3 mM), and quite stable (with MABA attached, the 21-residue peptides Fs and FSR5 have melting temperatures of 350 and 320C, respectively, and the 41-residue peptides FL and FLR5 melt at 50°C).
In the presence of helical structure, the absorption band of the MABA probe is shifted by -5 nm (Fig. 2A) . This band shift corresponds to a change in the transition energy of 550 cm-1 or 1.6 kcal/mol. The probe band shift is similar when attached to FS, FL' FSR5y and FLR5 (relative values of 1.0, 1.0, 0.96, and 0.92 + 0.05, respectively), indicating that the observed field at the amino terminus is produced primarily by the helical backbone dipoles (that is, not side chain charges) and is independent of helix length between 21 and 41 residues.
The probe band shift is diminished significantly when the peptide structure is disturbed and also at high ionic strength. The shift is reduced (Fig. 2B) by: (i) an increase in temperature; (ii) the chemical denaturant guanidinium hydrochloride (GuHCI); (iii) the addition of a Gly-Gly spacer between the amino terminus of the helix and the probe; and (iv) the addition of 4 M NaCI (14) .
In order to verify that the observed effect depends on Ap. and not, for example, on changes in hydrogen bonding or other specific interactions, the band shift is measured with three other probes attached to the peptides. The other probe groups are 4-aminobenzoic acid (ABA), terephthalic acid (1 ,4-dibenzoic acid, TPA), and 4-nitrobenzoic acid (NBA). ABA has electronic properties similar to MABA, TPA has a smaller Aix because it is more symmetric than either MABA or ABA, and in NBA, the direction of Ap. is opposite that for MABA and ABA [see (8) ]. The band shift for ABA is nearly identical to that for MABA. The shift measured for TPA is smaller by more than a factor of 3, and the shift for NBA is in the opposite direction (15). These results provide strong evidence that the probes are responding to the electric field at the amino terminus, as shown in Fig. 1 .
The alignment of dipolar peptide bonds in an a helix results in a significant electric dipole moment for the entire helix (1, 2), often referred to as the helix macrodipole. This property has been invoked to explain stability changes in peptides and proteins when charges are placed near helix termini (2) (3) (4) 16) . The most appropriate simple model of the helix dipole is that of a line dipole with the dipole density (mostly from the peptide bonds) distributed along the length of the helix (1, 2 Fig. 4 Fig. 3 and a structural model is shown in Fig. 4 . The amide proton resonance of Alal (HN1) is assigned by the large nuclear Overhauser effect (NOE) crosspeak to the nearby probe aromatic protons (denoted H'). Sequential amide-amide NOEs can then be followed to the amide proton resonance of Ala4 (Fig. 3C) . Weaker nonsequential amide NOE crosspeaks are also observed (Table 1 ). These data indicate that the amino terminus of the peptide is highly structured and not frayed to a significant extent (17) .
The NOE crosspeaks observed between the HP resonance and resonances of protons in the first turn of the helix (see Table 1 ) indicate that the probe is in a well-defined position. Most important is the strong crosspeak between HP and the 13 proton resonance of Ala3 (Fig. 3A) which indicates that the probe is positioned significantly closer to the methyl group of Ala3 than to the other methyl groups, as shown in Fig. 4 . The crosspeaks used to establish the structure of the amino terminus are not observed in nuclear Overhauser and exchange spectroscopy (NOESY) experiments performed on the unfolded control peptide Us with MABA attached (18) .
The net effect of the environment on the field can be determined by comparing the magnitude of the electric field measured experimentally with the value calculated with Coulomb's law and a dielectric constant of 1 (that is, as if there is no environment). The magnitude of the experimentally observed shift, denoted Sp, is related to the electric field E by the expression Although diminished by the environment, the field measured at the boundary between the peptide and water is still an order of magnitude stronger than expected based on the dielectric properties of bulk water (the dielectric constant of water is 88 at 0°C). An 6eff between 2 and 4 is usually used for the interiors of proteins (4, 20, 21) . In contrast, a larger effective dielectric constant (between 30 and 100) is considered appropriate for interactions involving unpaired charges, especially if the charges are solvent-accessible (20, 22) (a large value is consistent with our observation that a charged Arg side chain at position 5 in peptide FSR5 does not affect the band shift significantly). The value of eight determined here should be appropriate for estimating the strength of short-range dipoledipole interactions that occur near protein surfaces, such as those involved in ligand binding and enzymatic reactions. 8. S. K. Hemant and K. Yates, J. Am. Chem. Soc. 113, 6062 (1991) . 9. The peptides, except the specifically deuterated one (see Fig. 3 The reversal and splitting of traveling concentration waves was observed in a one-dimensional Belousov-Zhabotinski reaction medium under the influence of low-intensity electric field gradients (-10 V per centimeter). The wave reversal and splitting were strongly correlated with a characteristic transformation of the shape of both the wave front and the refractory tail of a wave in the local field gradient. The secondary role of generated hydrodynamic flow on wave transformation was also investigated.
Traveling waves are highly organized spatio-temporal patterns of system variables (component concentration and electrical potential) that very often underlie transmission of information, growth, and developmental processes in cells and living tissues (1) (2) (3) (4) and other types of excitable systems (5) . These wave patterns are produced because of the interaction of transport processes with the processes of ionic species production and consumption. These waves often have a relaxational character where the short excited front of a wave with a high amplitude of system variables is followed by a long refractory region with a very low amplitude. Because of this refractory region, the excitable waves cannot be reflected at the impermeable barriers, refract, or pass through each other, unlike sound or light waves. Despite this, several examples have been reported that show that under certain circumstances, the refractoriness of an excitable system can be suppressed and the phenomena similar to refraction or soliton-like behavior (6) (7) (8) can occur. This report describes in a semiquantitative way the mechanism of system changes that occur in the course of the reversal and splitting of a wave traveling in a capillary tube filled with a mixture that supports the BelousovZhabotinski (BZ) reaction and is exposed to the external electric field. SCIENCE * VOL. 257 * 14 AUGUST 1992 ..I _. 
